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Bacteria associated with the Mycobacterium avium complex (MAC) cause significant problems in animal 
agriculture and cause large economic losses and morbidity of livestock. Two clinically important subspecies of 
M. avium are M.avium ssp paratuberculosis (MAP) and M. avium ssp hominissuis (MAH). MAP is the 
etiologic agent of Johne’s disease, a chronic and fatal enteritis in ruminants, that has been linked to Crohn’s 
disease in humans.1 MAH has zoonotic potential as it is one of the leading causes of secondary infections in 
AIDS patients. Identification of M. avium in clinical samples is challenging as they have overlapping host 
ranges and clinical signs. Information about the restriction of host specificity of M.avium also have not been 
determined. Available diagnostic tests for M. avium, such as blood and biochemical tests are labor intensive, 
time consuming, and lack sensitivity. Advanced methods such as matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry (MALDI-TOF MS) could provide rapid, low-cost, and more accurate 
diagnostic test to differentiate MAP which can be implemented into diagnostic workflows in veterinary 
diagnostic labs. The purpose of this project is to differentiate using M. avium from field isolates, particularly 
MAP and MAH and other members of MAC using a library based approach, and to examine the host 
specificity and tropism of isolates using these methods. 
Bacterial strains: A total of 57 bacterial isolates that include 33 MAP isolates, 22 non-MAP isolates, and 2 
ATCC references strains were used in this project. The field isolates were previously identified with 
morphological and genomic approaches by PCR at Dr. Collins’ lab at UW-Madison, Dr. Barletta’s lab at UNL, 
or were acquired from ATCC. The species of the isolates comprised of MAP, MAH, M.intracellulare, M.avium
ssp avium, M avium ssp silvaticum, and non-tuberculous mycobacteria. The strains represented great diversity 
in space and time and host-species isolate from. 
MALDI-TOF Methods: After preliminary work examining different extraction protocols, the heat inactivation 
and extraction method for Mycobacterium sp recommended by the manufacturer were used in this project.  
Boiled cell lysates were subjected to ethanol and formic acid extraction procedures. In addition, to break the 
cell wall of mycobacteria, heat inactivation and bead beating using zirconia-silica bead were applied to get the 
intracellular protein of the cells. Next, extracted samples were spotted on the MALDI target plate together with 
HCCA matrix and bacterial standards. Analysis process to generate spectral profiles were done by 
manufacturer’s software (Bruker Biotyper).
Figure 3: MALDI-TOF Heat Inactivation Method
Figure 1: MAP infected intestine. Image courtesy of 
Faculty of Veterinary Medicine University of Calgary.
Figure 2: Healthy cattle (Right) versus thin cattle (left) affected by Johne’s
disease. Image courtesy of Dr.Collin’s lab at UW Madison (Johnes.org)
Figure 4: Mass spectrum output (Upper Panel) 
shows MAP JTC 1386 fingerprints compared 
to isolates ATCC 19698 from BDAL database. 
Green peaks represent strong matches, yellow 
are intermediate matches, and red are 
mismatches. The bottom table displays the top 
match log score between both isolates is 1.45.
Figure 5: comparison between 
MAP JTC 1386 and consensus 
main spectrum (MSP) of all 
M.avium complex isolates. The new 
MSP database has top matches log 
score of 2.73, which is significantly 
improved than the BDAL database 
on the left. 
Figure 6: Dendrogram generated from a consensus main spectrum (MSP) of M.avium isolates shows clusterization at species and subspecies level. Note that there 
are two clusters of MAP, two clusters of MAH, and two reference strains and one non tuberculous strain that does not cluster. The dendrogram displays distance 
based average relation algorithm normalized to an arbitrary distance of 1000 units.
45 out of 57 isolates were able to generate valid spectral profiles. Comparative evaluation between these 
spectral isolates and reference spectral profiles from Bruker Daltonics (BDAL) database exhibits average 
log score values of <2.0. Only 9 isolates that have log score values higher or equal to 1.6, which is the 
minimum standard value for identification to the genus level. Thus, BDAL database only can classify 20% 
(9/45) of M.avium. In contrast, most of the spectral isolates that were matched against main consensus 
library (MSP) from M.avium isolates displays good log score values of > 2.0. This new library can 
accurately identify 84% (38/45) of M.avium at the species level, which significantly improve identification 
accuracy. Furthermore, MALDI-TOF MS is able to characterize M.avium at subspecies level as it is shown 
in figure 6. The dendrogram shows clusters of non-MAP strains and MAP strains that matches with the 
PCR speciation results from Dr. Collins’ lab. As we see, two major clusters of MAP are found. The bottom 
cluster of MAP is more closely related to MAH, while the top cluster of MAP does not have relation to 
MAH. Non-tuberculous mycobacteria and M.intracellulare have the farthest distance, which corresponds 
to less overall genetic relatedness. The Kappa statistics analysis (Table 3) between PCR and MSP database 
has score of 0.74, which indicate as a good agreement between two methods. 
Figure 7: Overlay of mass spectrum profiles of MAP and MAH. MAP is 
shown in red and MAH is displayed in blue. The Y-axis is peak intensity in 
arbitrary units and the X-axis is m/z in Da. 
Isolate ID Sources Multiplex PCR ID 
JTC 1550 Bison M.avium ssp
hominissuis
JTC 1549 Bison M.intracellulare
DT 864 Bison M.avium ssp
paratuberculosis
Table 1: multiplex PCR-ID confirmed identification of 
M.avium isolates displayed in dendrogram. JTC 1550 
cluster with other MAH, JTC 1549 is grouped on the 
top with other M.intracellulare, and MAP clusters 
together with other strains of MAP .
# Isolate 
Tested
BDAL Database MSP Database
MAP 28 5/ 28 (18%) 26/28 (93%)
Non-MAP 17 4/ 17 (24 %) 12/17 (71%)
Total 45 9/45 (20 %) 38/45 (84%)
Table 2: New MSP library database significantly improves identification accuracy for 64% as compared 
to BDAL database. 
In conclusion, MALDI-TOF MS could improve the ability of labs 
to rapidly characterize and identify M.avium. The new library 
database that was created in this project could significantly enhance 
the specificity of the instrument as it increases the matching score 
values. The Kappa analysis also falls under good range in the 
strength agreement. Over 84% of the isolates could be classified 
correctly using our new MSP database, whereas current database 
BDAL only could characterize the isolates for 20%.  Although there 
were seven isolates that were failed to have higher score value when 
using our MSP database, their top match values were still greater as 
compared to BDAL database score. Therefore, we consider that our 
new MSP database is a large improvement over the previous 
database. Our MSP dendrogram (Figure 6) demonstrates accurate 
resolution, which shows MALDI-TOF can discriminate amongst 
the MAC organisms. Each strain forms clades corresponding to 
their subspecies. Host specificity warrants further investigation, as 
we did not see host-range relationship. However, it is interesting 
that there are two distinct MAP cluster that are distinct. Other 
approaches using bioinformatics and FT-IR may be applied to 
further research evaluating host specificity.  Overall, as we enhance 
the breadth and quality of MALDI-TOF MS database, rapid 
diagnostic test for identification of M.avium is possible, and thus 
enable enhanced mitigation for MAP on farms.   
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Table 3: Kappa analysis between PCR and MSP 
database has value of 0.739, indicating a good 
agreement.  
